A semiautomated method is presented for the determination of adrenaline and noradrenaline by a combination of the trihydroxyindole procedure for total catecholamines and a new procedure for the specific direct determination of adrenaline without interference from noradrenaline at physiological levels. This new procedure involves the reaction of adrenaline with alkaline thiosemicarbazide to produce a fluorophor of acceptable stability for use in automated procedures. Its structure is as yet unknown. The within-batch standard deviation for the trihydroxyindole and alkaline thiosemicarbazide procedures respectively were 0·005 p.mol/24h at a concentration of O' 368 p.mol/24h and 0·012 p.mol/24h at a concentration of 0·133 p.mol/24h. The between-batch standard deviations of the two procedures were respectively 0·018 p.mol/24h at a concentration of O·388 p.mol/
24h and 0·015 p.mol/24h at a concentration of 0·111 p.mol/24h. Normal ranges for urine are presented for 24 healthy ambulant laboratory staff. The total catecholamine concentration (calculated as adrenaline) was 0·452 ± 0·069 p.mol/24h (SD), range 0,349-0,616 p.mol/24h. Using the alkaline thiosemicarbazide procedure, the normal range which was determined for adrenaline was 0·100 ± 0·054 p.mol/24h, range 0,022-0,207 p.mol/24h. Noradrenaline calculated by difference was 0·355 ± 0·081 p.mol/24h, range 0,195-0,497 p.mol/24h. and eluted with acetic acid (0-3 mmol/l), The analytical method developed for the AutoAnalyzer involves the oxidation of noradrenaline and adrenaline by potassium ferricyanide at slightly acid pH to noradrenochrome and adrenochrome. Rearrangement in strongly alkaline solution produces the fluorescent 3, 5, 6-trihydroxyindoles, noradrenolutine, and adrenolutine. Ascorbic acid is used as antioxidant to stabilise the fluorescence of both lutines, whereas thioglycollic acid is used to stabilise noradrenolutine only, permitting adrenolutine to decompose to non-interfering products. The adrenaline concentration is determined as the difference between total catecholamine concentration and the noradrenaline concentration. However, the cumulative error of both procedures is reflected in the adrenaline value. The relative concentration of adrenaline in human urine is only 15-30% that of noradrenaline; thus serious doubt is cast on the validity of the adrenaline determination.
In the approach described here adrenaline is determined directly using the alkaline thiosemicarbazide procedure. Total catecholamines are estimated using the trihydroxyindole method and noradrenaline is determined by difference.
The differential determination of adrenaline and noradrenaline has been the subject of many reports (Merrills, 1962 (Merrills, ,1963 Kahane and Vestergaard, 1965; McCullough, 1968; Viktora et al., 1968; Manger et al., 1969) . Most procedures for the routine estimation of catecholamines depend on the fluorimetric trihydroxyindole procedure. For the purpose of screening patients, urinary determinations are preferable to plasma determinations both for the convenience of the clinician and the laboratory, and for the comfort of the patient. The determination of catecholamines in plasma requires rigorous care and attention in the collection and storage of specimens; because of the lack of attention to such details many results may be of questionable validity (Carruthers et al., 1970) . Furthermore, urinary catecholamines are elevated in almost every 24h urine specimen from a patient with phaeochromocytoma, whether a clinically apparent paroxysmal attack has occurred or not. Plasma samples from such patients do not give a constantly elevated result. McCullough (1968) reported the semiautomated differentialdetermination of catecholamines in plasma by a method based on the methods of Merrills (1963) and Fiorica (1965) . Both noradrenaline and adrenaline are absorbed on alumina at slightly alkaline pH 93 R. S. Wainwright
Materials and methods

PREPARATION OF GLASSWARE
All glassware is boiled for 20 minutes in acetic acid (0'5 mol/I), copiously rinsed with water and dried in an oven at 260°C. The cleanliness of glassware is very important if reproducible and consistent results are to be obtained. Detergents are not used.
STOCK STANDARDS
Adrenaline (6 mmol/l): adrenaline bitartrate (19'2 mg) is dissolved in HCl (10 mmol/l:lO mI). Noradrenaline (6 mmolJl): noradrenaline bitartrate monohydrate (20 mg) is dissolved in HCI (10 mmol/l:10 ml).
Sodium metabisulphite (l mg) is added to each standard to prevent autoxidation. Standards are prepared monthly and stored at 4°C. (24h) is collected in acid-washed containers to which HCI (6 mol/l:15 ml) has been added as preservative. If the urine is not to be analysed immediately it is stored at -10 cC. Urinary catecholamines are stable under these conditions for many months. CHROMATOGRAPHY Urine (0'2 ml) or standard (0'2 ml) is added to alumina (500 rng) in a 10 ml glass test-tube. Phosphate buffer is added and the sample shaken for five minutes on a mechanical shaker. Slow agitation is preferable to avoid damaging the alumina with resultant production of fines and low recoveries. The alumina is allowed to settle (45-60 s) and the supernatant aspirated to waste.
The alumina is washed with water (2 x 5 ml), care being taken to ensure removal of the last traces of water without loss of any alumina.
The catecholamines are eluted from alumina by acetic acid (2 ml) by shaking the tube slowly on a mechanical shaker for five minutes. The acetic aluate is removed from the alumina and may be stored 'over-
All water used is deionised, double-distilled, or purified by the MiIIipore Q2/Q3 system. Analar water (British Drug Houses) may be used without further purification. Care is taken to avoid contamination by heavy metals or fluorescent materials, particularly detergents.
REAGENTS
Phosphate buffer pH 8·4 (0'2 mol/I). Na2EDTA (10 g) is dissolved in a solution of Na2HP04 (28 g) in water (500 mI). The pH is adjusted to 8'4 by NaOH (l mol/l) and the volume made up to one litre.
Potassium ferricyanide solution (304 p.mol/l). Potassium ferricyanide (0'1 g) is dissolved in a solution of sodium acetate anhydrous (82 g) in water (500 ml) and the volume made up to one litre.
Ascorbic acid solution (8'5 mmol/l). This reagent is prepared daily.
Thiosemicarbazide (110 p.mol/l). This reagent is prepared immediately before use.
Na2COa solution (3'3 mol/l), Acetic acid (0,3 mmol/l). Noradrenaline bitartrate monohydrate (Sigma London Chemical Company Ltd).
Adrenaline bitartrate (Sigma London Chemical Company Ltd).
Aluminium oxide chromatographic adsorption analysis grade Brockman Activity II (British Drug Houses): alumina (500 mg) is purified by shaking with 5 x 400 ml acetic acid for five minutes; after standing for a minute, fines are aspirated. Subsequently 15 to 20 x 250 ml water washes are employed until the pH of the supernatant is greater than 5·0. Sodium carbonate solution is titrated on to the alumina to pH 8'4, the alumina being kept in suspension by an electrically-driven glass stirring rod. Magnetic stirring is not used because it grinds the alumina particles producing fines. The alumina is washed with 5 x 400 ml water and the supernatant decanted after standing for a minute on each occasion.
The purified alumina is dried in an oven at 260°C for three hours. Upon cooling it is stored at room temperature in a closed dark glass bottIe. NaOH (5 mol/!) 5.
Reducing agent-that is, ascorbic acid (8' 5 mmol/!) or thiosemicarbazide (110 ,.mol/I) 6. Air 7.
Pull through 8.
Pull through night at 4°C. The eluate is stable for at least two weeks at -10 o e. FLUORIMETRY With the AutoAnalyzer system ( Fig. 1 ) the eluates may be analysed using three separate methods: 1. Total catecholamines can be determined using ascorbic acid as antioxidant.
2. Blank values can be determined by omission of oxidation, potassium ferricyanide solution being replaced by water.
3. Adrenaline can be determined by replacing water with potassium ferricyanide, and the ascorbic acid with thiosemicarbazide. An AutoAnalyzer MkI sampler with an intersample wash of acetic acid can be used at 60 samples/ hour. The fluorescence in this method is pHdependent, thus acetic acid rather than water is used for between-sample washing. This produces a steady baseline between sampling.
Noradrenaline and adrenaline working standards are analysed at the beginning of each set of samples; after every 20 samples a single standard (0'60 p.mol/l adrenaline) is included to correct for peak height drift, if any. Each standard catecholamine concentration is plotted on a graph against fluorescence intensity-that is, peak height of standard corrected for blank. Samples are quantified by direct comparison of their peak heights, corrected for blank values. Response is linear up to 6 mmol/l.
A fluorimeter fitted with a glass flow-cell and a Hg light source is required. The primary filter should transmit light of wavelength 360-380 nm and the secondary filter should transmit all wavelengths greater than 510 nm.
The sensitivity employed in this method is in the range of that required for plasma catecholamines in the procedure of McCullough (1968) . Assuming no losses, separate adrenaline and noradrenaline standards carried throughout the entire procedure contain 0'03, 0'06, 0'09, or 0·12 nmol of adrenaline and 0'06, 0'12, 0'18, or 0'24 nmol of noradrenaline in the final acetic acid eluates. Normal plasma catecholamine levels fall in the lower region of this range, thus permitting measurement of urinary and plasma catecholamines in the same run.
The exclusion of daylight from the flow-cell is mandatory for the production of a stable baseline. The flow-cell fitting for the Locarte Mk5 used in this work does not exclude daylight so the entire flowcell is covered with cardboard housing.
It was found that very careful mixing of the sample stream with NaOH and stabilising agent was required for optimium fluorescence. McCullough (1968) mixed NaOH and the stabilising agent in a single mixing coil and then passed this reagent into the airsegmented sample stream. Fiorica (1965) segmented the premixed NaOH and ascorbic acid with air in a single mixing coil and passed this stream, and the airsegmented sample stream, into a double mixing coil.
Both these procedures were found to be unsatisfactory, better results being obtained by segmenting the alkaline reducing agent with air in a single mixing coil, and then debubbling before mixing with the airsegmented sample stream in a double mixing coil. The incorporation of a debubbling procedure produces a stable baseline fluorescence which does not change significantly during an analytical run; it also obviates the problems inherent in manual techniques, in which the premixed alkaline ascorbate reagent is unstable and alterations are produced in fluorescence intensity upon standing.
Determination of adrenaline using thiosemicarbazide Optimum conditions THIOSEMICARBAZIDE CONCENTRATION
The AutoAnalyzer was used with water replacing oxidant. Concentrations of thiosemicarbazide ranging from 110 mmol/l to 11·0 /Lmol/I were mixed with NaOH (5 molJl) and air in a single mixing coil, debubbled, and added to the air-segmented sample stream; after mixing in a double mixing coil the reagent stream was debubbled and passed into the flow cell of the fluorimeter. The source of illumination was a Hg lamp.
At all concentrations of thiosemicarbazide investigated noradrenaline (1'2 /Lmoljl in acetic acid) produced a response indistinguishable from an acetic R. S. Wainwright acid reagent blank. The fluorescence derived from adrenaline (0'60 /Lmoljl in acetic acid), however, increased as the concentration of thiosemicarbazide decreased, reaching a maximum at 55-110 /Lmoljl thiosemicarbazide.
REACTION TIME Adrenaline (0,60 /Lmol/I in acetic acid) was mixed with air and water in a double mixing coil. Thiosemicarbazide (110 /Lmoljl), air, and NaOH were mixed in a single mixing coil, debubbled, and added to the sample stream. The final reaction mixture was passed into one to six 30 s time-delay coils in series, debubbled, and passed into the fluorimeter flow cell. It took 10 s for the reaction mixture to flow from the exit of the time-delay coils to the flow cell. The total reaction time thus varied from 40 to 190 seconds.
Maximum fluorescence intensity was obtained after 100 s. Increasing the reaction time to 190 s did not alter the fluorescence intensity, indicating that the fluorophor is stable for at least 90 s under these conditions. Longer reaction times were not investigated. In each case no significant fluorescence was obtained when noradrenaline (1,2 /Lmoljl in acetic acid) was sampled.
NaOH CONCENTRATION
The optimum concentration of NaOH was determined by altering the strength of alkali from 0·5 to 7'5 moljl, all other reagents and conditions being kept constant as described in the final procedure. The optimum concentrations of NaOH was 5 mol/l. Lowintensity doublet peaks were obtained when 0·5 rnol/l NaOH was used.
FLUOROPHOR STABILITY
Before illumination
Up to 100 s was required for fluorophor formation. It was stable in the final double mixing coil for at least a further 90 s, Longer reaction times were not investigated.
During illumination
Fluorophor stability was investigated during Hg light source illumination. Adrenaline (0'60 /Lmoljl in acetic acid) was mixed with alkaline thiosemicarbazide for 100 s as described in the final procedure, and passed into the fluorimeter flow cell. At the point of maximum fluorescence, determined as maximum peak height, the AutoAnalyzer pump was switched off. The decrease of fluorescence intensity with time during continuous illumination was recorded ( Table 2) . The fluorophor was very unstable during continuous illumination, decreasing to less than 50 %maximum fluorescence intensity after 100 s. However, days a fresh aliquot was analysed five times by the entire final procedure. The average result each day was recorded and the overall average and standard deviation during the lo-day study calculated. The standard deviation between-batch using the trihydroxyindole and alkaline thiosemicarbazide procedures respectively were 0·018 p.moljl at a concentration of 0·388 p.moljl and 0·015 p.moljl at a concentration of 0·111 p.moljl.
Estimation of accuracy RECOVER Y STUOIES Table 3a Recovery of internal adrenaline standards analysed using thiosemicarbazide (/10 pomoljI) procedure
From alumina eluates of urine
Three aliquots (0'2 ml each) of each of eight urine samples were absorbed on alumina (500 g) and eluted in acetic acid (0'3 moljl: 2 ml), Each group of three eluates was pooled and divided into four equal portions (1'5 ml each), denoted A, D, C, and D.
To A was added acetic acid (0'3 moljl: 1'5 ml), To D was added adrenaline (0,12 p.moljl in 0·3 mol/I acetic acid: 1·5 ml),
To C was added adrenaline (1,20 p.moljl in 0·3 mol/I acetic acid: 1·5 ml).
To D was added noradrenaline (1,20 p.mol/l in 0·3 mol/I acetic acid: 1·5 ml).
Each solution was analysed for adrenaline and noradrenaline by the final procedure. Table 3b Recovery of internal adrenaline and noradrenaline standards analysed using the trihydroxyindole procedure; ascorbic acid (8,5 mmolll) as antioxidant
The peak height of the blank (Solution A) was subtracted from the peak heights of the tests (Solutions D, C, and D) and compared with the peak heights of appropriate standards (adrenaline 0·06 p.mol/l; 0·6 p.molfl; noradrenaline 0·6 p.mol) in acetic acid (0'3 molfl).
Percentage recoveries were calculated ( under the conditions normally employed in the Auto-Analyzer, the time of illumination is less than 0·5 s; furthermore, because the flow-rate is constant, the time of illumination is constant from sample to sample, so the instability of the fluorophor does not render the method unsatisfactory.
Continous sampling of adrenaline (0,60 p.moljl in acetic acid) produces a plateau of fluorescence.
Greater than 96 % steady-state conditions were achieved at a sampling rate of 60 samplesjhour. The f1uorophor instability, however, may render the procedure unsuitable for manual determination of adrenaline unless further studies reveal suitable additives to increase the f1uorophor stability during illumination.
The water used for dilution of the sample, before addition to alkaline thiosemicarbazide, may be replaced with acetic acid (0'3 molfl) or sodium citrate (10 mmoljl); fluorescence intensity is unaffected. However, replacing the diluent (water) with mild oxidising agent (potassium ferricyanide 3'0 mmoljl) or mild reducing agent (ascorbic acid 0'3 mmoljl) decreased the fluorescence intensity obtained from adrenaline (0'6 p.moljl in acetic acid) to very low values.
Estimation of precision
WITHIN -BATCH
A single urine sample was analysed 20 times by both the trihydroxyindole and the alkaline thiosemicarbazide methods. The average and standard deviations of the peak heights were calculated for each method. The standard deviation using the trihydroxyindole procedure for total catecholamines was 0·005 p.moljl at a concentration of 0·368 p.moljl. Using the alkaline thiosemicarbazide method for adrenaline determination the standard deviation was 0'012 p.moljl at a concentration of 0·133 p.moljl.
BETWEEN -BATCH
A single urine sample was divided into 10 aliquots and stored at -10 eC until analysed. Each day for 10 The recoveries of adrenaline (0'06 J-Lmoljl and 0·60 J-Lmolfl) added to acetic acid eluates of urine were 98·6 ± 3·7 %(SD) and 97·4 ± 3·3 %(SD) respectively using the alkaline thiosemicarbazide procedure. The recovery of adrenaline (0'60 J-Lmoljl) using the trihydroxyindole procedure, with ascorbic acid (8'5 mmoljl) as antioxidant, was 98·4 ± 4'3 %(SD).
Noradrenaline (0'60 J-Lmoljl) was recovered to the extent of 99·6 ± 4'2 % (SD). These studies indicate that quenching of the fluorescence of adrenaline or noradrenaline, in acetic acid eluates from alumina, is on average less than 3 %.
From urine
Internal standards of adrenaline (0'06, 0'15, O'30, and 0·60 J-Lmoljl) and noradrenaline (0'15, 0'30, and 0·60 J-Lmolfl) were prepared by adding adrenaline (2,5,10, or 20 ng) and noradrenaline (5, 10, or 20 ng) respectively in HCI (10 mmoljl: 0·2 ml) to seven aliquots (0'2 ml) of each of eight urine samples. Each aliquot was carried throughout the entire final procedure while each untreated urine was analysed in duplicate. The recoveries of added adrenaline and noradrenaline were calculated by comparing them with corresponding standards in HCI (10 mmoljl) carried through the entire procedure. Such a procedure compensates for losses caused by incomplete adsorption of catecholamines on to alumina so resulting in higher recovery values (Table 4 ). The fluorescence intensity of the adrenalinejalkaline thiosemicarbazide fluorophor is about 40 % of that derived from adrenaline using the trihydroxyindole procedure with ascorbic acid as antioxidant. Conse- Table 4 Recoveries from urine: (n = 8 in each case) R. S. Wainwright quently by adding 2 ng of adrenaline to urine (0,2 ml) analysed by the thiosemicarbazide method, a very small elevation of fluorescence intensity results, and to obtain good precision in reading, the sensitivity of the recorder must be increased to give a full excursion of the pen across the chart paper. However, under these conditions the baseline is noisy (> 1% total fluorescence); more important, at such a low concentration the blank contributes 60-80 %of the total fluorescence.
The recovery of adrenaline (0'06 J-Lmoljl}-that is, 2 ng added to urine (0'2 ml) was 0·0596 ± 0·0050 (SD) fLmol/1 using the trihydroxyindole procedure and 0·0589 ± 0·0058 (SD) fLmol/1 using the alkaline thiosemicarbazide procedure. This method is therefore capable of estimating adrenaline levels, with acceptable precision, down to 2 ng a sample. This is within the normal range for both blood (McCullough, 1968 ) (20 ml sample) and urine (0'2 ml sample); furthermore, since only increased catecholamines are diagnostic in the hospital laboratory a method of greater sensitivity, although desirable, is not necessary.
SPECIFICITY
Several catecholamine precursors and metabolites (0'60 fLmol/1 in 10 mrnol/l HCl; 0·2 ml) were carried through the entire final procedure. The relative fluorescence of each solution was compared with that of an equimolar solution of noradrenaline and adrenaline arbitrarily set at 100 using the trihydroxyindole and alkaline thiosemicarbazide procedures respectively (Table 5 ).
Of the compounds tested only 3,4-dihydroxyphenylalanine showed significant interference using the trihydroxyindole procedure. At equimolar concentrations this compound produced an intensity of Fluorimetric methods for the differential determination of catecholamines suffer from two main problems, namely fluorophor instability and the difficulty of differentiating sufficiently between NORMAL RANGE Twenty-four hour urine specimens were collected from 24healthy ambulatory laboratory staff over HCI (6 mol/I; 15 rnl), In each case the 24-hour period included one normal working day. Each urine sample was processed in duplicate by the entire final procedure and the concentrations of total catecholamines and adrenaline were determined. The average, standard deviation, and range of the values obtained are reported (Table 6) . Noradrenaline values were calculated by difference.
LINEARITY STUDIES
Noradrenaline standards (0'06-1·20 /Lmol/l) and adrenaline standards (0'06-1'2 /Lmo//I) in HCl (10 mmol/l) were absorbed on to alumina and carried through the entire final procedure. The four higher standards (0'30, 0, 60, 0, 90, and 1'20 JLmol/l) of each catecholamine were each analysed five times and the standard deviation at each value was calculated.
Linearity of fluoresence was observed throughout this range for both adrenaline and noradrenaline with ascorbic acid as antioxidant (Fig. 2) , and for adrenaline analysed using the alkaline thiosemicarbazide procedure (Fig. 3) .
Rapid semiautomated method for the differential determination of urinary catecholamines fluorescence 35% that of noradrenaline. With the alkaline thiosemicarbazide procedure the fluorescence of 3,4-dihydroxyphenylalanine was less than 6 %that of adrenaline.
The normal urinary excretion of 3,4-dihydroxyphenylalanine in healthy adults ranges from 0·081 to 0·168 /Lmol/24h (Turler and Kaser, 1971) , thus at physiological levels 3,4-dihydroxyphenylalanine may contribute up to 0'059 /Lmol/l towards the total catecholamine value determined by the trihydroxyindole procedure and up to 0·01 /Lmol/l towards the value determined by the alkaline thiosemicarbazide procedure.
Wide variation of interference by 3,4-dihydroxyphenylalanine on the trihydroxyindole procedure has been reported by some workers using similar procedures (Price and Price, 1957; Peyrin and Cottet-Emard, 1973) . Such variations are presumably owing to differences in the activation and emission wavelengths employed and to minor differences in methods. Notably Price and Price (1957) in their procedure observed a lOO-fold decrease in the fluorescence of3,4-dihydroxyphenylalanine on changing the pH of the final solution from 13 to 5 before reading at activation/emission wavelengths of 400/ 436 nm respectively. This modification also increased the fluorescence of noradrenaline and adrenaline and reduced the blank fluorescence. adrenaline and noradrenaline. One approach to the problem of fluorophor instability is to use an automated procedure since this makes the reaction conditions identical from sample to sample. That described here permits the determination of adrenaline directly. Noradrenaline may be determined as the difference between the total catecholamine and adrenaline concentrations, or by a direct method involving specific chemical stabilisation of noradrenolutine by a sulphydryl compound (Merrills, 1963; McCullough, 1968) .
The relative fluorescence intensity of the thiosemicarbazide procedure is 40 % of that achieved using the trihydroxyindole procedure with ascorbic acid as antioxidant. McCullough (1968) found that the relative fluorescence intensity of noradrenolutine using thioglycollic acid as antioxidant was about 40% of that observed using ascorbic acid as antioxidant, so the fluorescence of the adrenaline alkaline thiosemicarbazide fluorophor is of comparable intensity to that of noradrenolutine determined using thioglycollic acid as antioxidant.
Most methods for the determination of urinary catecholamines are time-consuming, involving the weighing of alumina for each sample and standard, followed by manual pH adjustment to 8·4. The speed was greatly increased by using a precalibrated plastic spoon made by cutting off the lower centimetre of a 9 rom internal diameter plastic flatbottomed test-tube and fixing this to a narrow plastic handle. The spoon was filed down until a level spoonful contained 500 mg. Using this instrument 500 ± 25 mg of alumina was obtained rapidly without the necessity of weighing alumina for each sample and standard.
The problem of manual pH adjustment was overcome by using 0·2 ml urine and adjusting the pH with a phosphate buffer pH 8·4. Using such a small initial volume of urine also permits simultaneous determination of urine and plasma catecholamines during the same run without altering the sensitivity setting. Use of such a small sample does however suffer from the disadvantage that the method is used near to its lower limit of detection, so the effects of contaminants and interfering substances on the observed fluorescence are enhanced. The problem is overcome by ensuring that all glassware is scrupulously clean and that all water used is doubledistilled, care being taken to avoid contamination with heavy metals, sweat, or detergents.
Catecholamines may be adsorbed on to alumina either by a batch technique or by passing the sample through a column of the adsorbent.
Theoretically a column procedure is more efficient but in practice recoveries of adrenaline and noradrenaline standards of 67'9% and 81·6% re-R. S. Wainwright spectively were obtained using the batch procedure. This factor, the speed of the batch procedure, and its ability to handle large numbers at a time, enable it to be used efficiently and quickly. Furthermore, column procedures require greater quantities of alumina and are liable to interferences arising from inconsistent packing and column characteristics. These are abolished by the batch procedure. It is important however to carry out the procedure in a closed test-tube using a mechanical shaker. Magnetic stirring must not be used, otherwise some of the alumina particles may be ground into a fine powder, which may be lost during aspiration, resulting in low recoveries.
Determination of blanks leads to greater accuracy and provides an indication of contamination of urine samples which can thus be assayed only semiquantitatively. Certain drugs or fluorescent contaminants may interfere with the urinary catecholamine assay; most of these are detected by high sample blanks. However, in some samples no obvious cause for elevated blanks has been found. Urines with high blanks show markedly low recoveries, as low as 0 % for noradrenaline when thioglycollic acid is used as antioxidant. Such urines under these conditions often have blanks, the fluorescence intensities of which are higher than the fluorescence of the sample. This is one of the main disadvantages of using sulphydryl agents as selective antioxidants. With ascorbic acid as the stabilising agent the recovery of known amounts of adrenaline and noradrenaline in urines with these high blanks is 40 to 50% (Wong et al., 1973) . In the diagnosis of phaeochromocytoma a high reading with ascorbic acid therefore suggests a positive diagnosis although differentiation is impossible if the blank is higher than the sample when run with a sulphydryl agent as antioxidant. This problem of zero or negative noradrenaline values using sulphydryl antioxidants is eliminated in the procedure described here because determination of adrenaline using alkaline thiosemicarbazide replaces the thioglycollic acid step. Noradrenaline is calculated as the difference between the total catecholamine and adrenaline values.
The determination of a true blank by the semiautomated procedure is probably impossible. Removal of catecholamines from urine -for example, by the earlier addition of alkali and by standing overnight -may change the relative fluorescence of contaminants; furthermore such a procedure would double the workload because each blank must subsequently be carried through the entire procedure.
'Faded blanks'-that is, the replacement of one of the solutions used in the fluorimetric step with water -have been widely used. The most popular proce-
